Abstract: This paper reviews the major accomplishments in the demonstration of plasmabased soft x-ray lasers in 2009. Advances in shaping the plasma density and increasing the pump power have enabled the engineering of table-top laser systems operating at wavelengths as short as 10.9 nm and with stable and significant average power for use in applications.
The generation of intense soft X-ray (SXR) and X-ray laser radiation is attracting much attention. A separate article in this issue discusses recent progress in the generation of extremely bright X-ray laser pulses by the injection of energetic electron beams created in linear accelerators into alternating magnet structures [1] . Two such free-electron lasers are now in operation as single-user facilities: one at wavelengths as short as 6 nm [2] and the other for the first time at kiloelectronvolt photon energies [3] . Simultaneously, significant progress has been made in the generation of intense SXR laser beams by much more compact devices that use dense plasmas as the gain media. In these lasers, spontaneous emission generated by the plasma, or an externally generated coherent seed, are amplified by stimulated emission in a population inversion created between energy levels of plasma ions. A gain in plasmas was demonstrated at wavelengths as short as ¼ 3:56 nm many years ago using fusion-class laser facilities to heat the plasma [4] . Advances produced by tailoring the plasma density profile, creating larger transient population inversions [5] , and increasing the pump energy deposition [6] , [7] have allowed the engineering of these lasers into tabletop-size devices that can be Btaken[ to the application site. During the past few years, several groups have been active in the development of SXR sources operating at a 5-10-Hz repetition rate with stable output for extended periods of time for applications [8] [9] [10] [11] [12] [13] [14] . Gain-saturated output has been demonstrated for wavelengths down to 13.2 nm [9] . At longer wavelengths (e.g., 46.9 nm), plasma heating by fast capillary discharges have allowed the development of desktop-size lasers [15] . The challenge for these tabletop plasma-based lasers has been and continues to be the extension of their range of operation to shorter wavelengths and the increase of their brightness and average power.
During the past year, the wavelength of gain-saturated tabletop lasers has been extended to 10.9 nm by amplification of spontaneous emission in nickel-like tellurium ions in a plasma generated at a 1-Hz repetition rate by the irradiation of a solid tellurium target with pulses from a Ti:Sapphire laser [16] . Laser output pulses of up to 2 J were obtained, and an average power of $1 W was generated. This is a level of average power that can enable applications such as ultrahigh-resolution zone-plate imaging. For example, in 2009, a tabletop nickel-like cadmium ¼ 13:2 nm SXR-laser-based microscope was used for actinic imaging of extreme ultraviolet lithography masks that will be used in the fabrication of the generation of the future generation of computer processors [17] .
The average power of these plasma-based SXR lasers is in part limited by the maximum repetition rate of the lasers drivers used to heat the plasmas. High-energy Ti:Sapphire lasers, which are the most common types of laser drivers used to pump these short wavelength lasers, are limited to repetition rates of typically 10 Hz, while often-used Nd:glass pump lasers operate at an even lower repetition rate. Advances in diode-pumped solid-state lasers open the opportunity to develop optical laser drivers that will allow plasma-based SXR lasers to greatly increase their repetition rate and, therefore, their average power. Different groups are developing diode-pumped solid-state lasers for this purpose [18] , [19] . In 2009, the first all-diode-pumped SXR laser was reported. Lasing was achieved at ¼ 18:9 nm in a molybdenum plasma heated by a diode-pumped chirped pulse amplification laser based on cryo-cooled Yb:YAG amplifiers [16] . This new type of SXR laser has the potential to operate at an order of magnitude larger repetition rate (e.g., 100 Hz). With the complementary goals of driving shorter wavelength lasers and increasing the SXR laser pulse energy, higher energy pump laser facilities that operate at a lower repetition rate (0.1 Hz) have also been recently developed [20] , [21] .
Rapid progress has also been achieved in improving the beam characteristics of plasma-based SXR lasers. Injection-seeding of SXR laser amplifiers with high harmonic (HH) pulses have been shown to generate intense fully phase coherent SXR pulses with lower divergence, shorter pulsewidth, and defined polarization. In 2004, injection seeding of the ¼ 32:8 nm Ni-like Kr in a gas cell ionized by optical field ionization with the 25th harmonic of a Ti:Sapphire laser generated a saturated beam with excellent wavefront qualities [22] . Our group demonstrated the saturated amplification of HH seed pulses in significantly denser plasma amplifiers created by heating solid targets, which can readily reach shorter wavelengths and have an increased bandwidth that can support the amplification of femtosecond pulses [23] [24] [25] . Using this technique, fully phase-coherent laser beams at wavelengths as low as ¼ 13:2 nm were generated [24] , [25] . During the past year, several papers reported results of the characterization [26] , [27] and modeling [28] [29] [30] of these new injection-seeded SXR lasers.
There is also significant interest in reducing the pulse duration of tabletop SXR lasers to extend their application to a wide range of ultrafast dynamic studies. Transient inversions created by rapid heating of plasmas with intense picosecond optical laser pulses have generated SXR laser pulses with duration between 2-10 ps [29] , [31] , [32] . High-repetition-rate transient inversion lasers produced by grazing incidence pumping have been measured to generate pulse durations of about 5 ps [33] . In all these selfseeded SXR lasers, the pulse duration was determined by the duration of the gain. The recent demonstration of injection-seeded with HHs [22] , [24] , [25] , [33] creates a fundamentally new regime for the generation of short SXR laser pulses in which the pulsewidth is governed by the amplifier bandwidth and is independent of the gain duration. As mentioned above, of particular interest are the SXR plasma amplifiers created by laser irradiation of solid targets [23] [24] [25] in which the high density of the laser gain media results in broader laser line bandwidths that can support the generation of SXR pulsewidths in the 0.1-1-ps range. In 2009, the first measurement of the pulsewidth of an injection-seeded SXR laser was reported to yield (1.13 AE 0.47) ps, which is the shortest reported to date for a plasma amplifier [33] . The experiment was preformed, seeding the 32.6-nm line of Ne-like Ti with the 25th harmonic of a Ti: Sapphire laser. The results were found to be in agreement with model simulations that predict that intense femtosecond SXR laser pulses will result from injection seeding denser plasma amplifiers.
